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The general acid-catalyzed reaction of alpha-hydroxy acids with 
carbonyl compounds can give a class of cyclic compounds midway in struc-
ture between acetals and alkylidene esters: the l,3-dioxolan-4-ones. 
While not well known, such compounds have been prepared from time to 
time. They are easily hydrolyzed to regenerate the parent 








the ease of hydrolysis is in reverse relationship to the reactivity of 
the carbonyl group. The chloral derivatives prepared by Wallach and 
Heymer (90) in 1876 and the formaldehyde derivative s prepared by De Bruyn 
and Van Ekenstein (24) in 1899 constitute fairly stable dioxolanones. 
The acetone compounds of alpha-hydroxy acids, first prepared by Willstatter 
and Konigsberger (91), are very easily hydrolyzed in aqueous acid. 
In research for this thesis considerable attention was devoted to 
the acetone compounds of cl-tartaric, dl-malic, citric, and mandelic acids, 
because these promised to give crystalline derivatives, some of them new. 
A small amount of work was done on the reaction of other carbonyl compounds 
with these acids. The acetone derivatives herein were prepared generally 
in the same manner as previously described except that 2,2-dimethoxypropane 




There is some disagreement (9,36,85) as t o the exact structure of the 
bis-acetone compound of tartaric acid. This thesis adds to the general 
knowledge of the structure , 
The only example of solvolysis (other than hydrolysis) of 1,3-
dioxolan-4-ones recorded is conversion of the mandelic acid-acetone 
compound to mandelamide (I) (5,45) and N,N'-dimethylmandelamide (45). 













and purification was not difficult, its aminolysis and alcoholysis were 
studied. 
Ketal worked very well as g scavenger to remove water during the 
formation of acetone derjvatives of hydroxy acids; therefore, the scope 
of the thesis was extended to include methyl esters of the same acids, 
which also present analogous problems in preparation . The esters avail-
able from this reaction were employed to prepare a number of new amides 
of the acids. 
The reactions of I, dl-atrolac tamide, l-hydroxycyclohexane-1-carbox-
amide, glycolamide and lactamide to f orm 2,2mdimethyl-l,3-oxazolidin-4-
ones (37 ,45) yield the only compounds of this type know,;.i. . The equation 
for the reaction of mandelamide and acetone is: 
+ 





Perhaps fifty compounds of this structure are known, but only those 
made from the hydroxy acids and carbonyl compounds used in the experimental 
part are considered here. Since no yield data was reported for a majority 
of the compounds and the only yield greater than 30 percent is for the 
acetone derivative of mandelic acid (70 percent), the yields are not tab-
ulated. Table I presents a record of such preparations. 
TABLE I 
PREPARATION OF 1,3-DIOXOLAN-4-0NES 
Hydroxy acid Carbonyl compound Reference 






Chloral b 15,90 
Benz aldehyde 1,24,33,70 
Malic Formaldehyde 24 
Chloral 90,94 
Citric Formaldehyde 24,47 
Acetaldehyde 24 
Chloral 15,31,70 
Benz aldehyde 1 
a. Hertzler (56) prepared the acetone compound of cl-tartaric acid in 
essentially the same way as it was prepared in this research, yield 
58.5%, m.p. 95-100°. 
b. Erlenmeyer (33) obtained the benzylidenetartaric acid derivative, 
O~ H H //0 
c-c-c-c 
OH/ I I 'oH o, 0 
c" 
/' H c6H5 
4 
Preparation of Methyl Esters. 
Anschutz and Pictet (7) prepared dimethyl d· tartrate using tartaric 
acid dissolved in excess methanol and saturated with hydrogen chloride 
gas. The reaction was allowed to proceed for 24 hrs. at room temperature 
and the solvent was removed. 
0 
The residue was heated to 100 under reduced 
pressure for several minutes to remove the water f ormed in the reaction. 
The same procedure of adding methanol and hydrogen chloride gas to the 
residue was repeated twice more. The ester was finally removed from the 
residue by vacuum distillation (yield 70%). 
Several modifications of this process have been developed (38,46,58, 
67,77,89,93). Catalysts such as p-toluenesulfonic acid (93) have been 
used in attempts to increase the yield and convenience. One of the better 
processes is by Frankland and Aston (38) in which a special apparatus was 
used with anhydrous sodium sulfate to remove water from the reaction mixture. 
Very good yields (80-90%) were obtained; however, the apparatus was considered 
to be limited in its use. 
The dimethyl esters of d- and 1-malic acids have been prepar ed in the 
same manner as the esters of tartaric acid, Here the main consideration 
is to avoid the use of sulfuric acid as a catalyst. This causes water to 
be eliminated from dimethyl malate and forms dimethyl fumarate (6,26,35), 
A large excess of methanol is used and the solution is saturated in the 
cold with hydrogen chloride gas (6,8,20 ,26,35,52,88). In most instances 
the acid catalyst is neutralized with sodium carbonate (6,26,88) or 
potassium (20,35) carbonate before distillation . The best yield (70.5%) 
was reported by Clough (20). Kroeger (58) obtained a 22 percent yield 
using dihydroxyfluoboric acid as a catalyst. 
5 
Trimethyl citrate has been prepared on a microscale using diazo~ 
methane (73) in 54 percent yield, Campbell and Tayl or (16) used a 
method developed by Clinton and Laskowski (18) to esterify citric acid, 
The reaction mixture consisted of methanol, 300 cc, of methylene or 
ethylene dichloride, and approximately 3 .0 cc. of concentrated sulfuric 
acid , The reaction mixture was refluxed until separation of an upper 
layerwasnoticed; this contains the water f ormed in the reaction. When 
the water layer was separated from the reaction mixture and the remaining 
methylene or ethylene dichl oride solvent was removed by distillation, the 
ester remained. After pur ification, trimethyl citrate was obtained in 56 
percent yield. 
The trimethyl ester of citric acid has also been obtained by using 
citric acid in excess methanol with a continuous f l ow of hydrogen chloride 
gas through the solution (26,34,30). Donaldson~ al, (30) obtained a 
73 percent yield after one recrystallization from water. The product had 
0 
a melting point of 75.0 to 76 .5. In spite of this melting point , there 
is some doubt of the purity of this material , since when it was vacuum 
distilled the yield dropped to 48 percent , The melting point was then 
0 
75.5 to 76.5 . 
In a general approach to the preparation of methyl esters, which 
however has not been applied to simple hydroxy acids, Lorette and Brown 
(59) made use of ketal. The r eactions involved in the esterifica tion are: 
RCOOH + CH3 OH 
HzO + (CH3)zC(OCH3)2 
RCOOCH3 + HzO 
+ 
H ., 2 CH3 OH + CH3 COCH3 
Here the water f ormed in the es t e r i fica t i on reac t s to f orm more me t hano l , 
As a result the process i s self-accelera ting . In this manner nearly 
6 
quantitative yields were obtained. A mixture of dehydrated castor oil 
acids was esterified with a 99 percent yield. Other esters so formed 
were dimethyl adipate (94%) and dimethyl oxalate (91%). 
Amides. 
Since considerable attention in this research, as recorded in the 
Experimental part, was devoted to the aminolysis of both esters and 
acetone compounds, a survey of the literature on amides of tartaric, 
malic and citric acids was made. The results are shown in Table II. 
TABLE II 
REFERENCES TO AMIDES OF d-TARTARIC, d- OR l·MALIC, AND CITRIC ACIDS 
N N 1 N 11, Tri-? , ,:'.., 





Methyl 22,41 39,41 27,55 
Ethyl 22,41 39,41 
Propyl 41 39,41 
Isopropyl 41 39,41 
Allyl 41 41 
n•Butyl 41 39,41 







40 39 Pentamethylene 
a. Structure having one pentamethylene radical on each nitrogen. 
b. From dl-malic acid. 
7 
TABLE II (continued) 























1 2 3 4 
EXPERIMENTAL' ' ' 
Acetone Compound of d-Tartaric Acid (II) , 
A one-neck, 1000 ml., round-bottom flask was charged with 40.0 g. 
0 
(0,266 mole) of finely divided d-tartaric acid (m.p. 168-170 ), 200 cc. 
0 
(1..6 moles) of ketal (b.p. 77 /742 mm), 400 cc. (5.52 moles) of acetone 
'(commercial grade), and a magnetic stirring bar. The flask was stoppered 
and placed in an ice bath. After the temperature of the flask contents 
0 
had come close to O, the flask was charged with 40 drops of a 50 percent 
BF3 etherate solution. The mixture was allowed to react for 4 hrs. at o0 • 
The solvent was removed by means of a rotary evaporator and an orange-
red syrup-like residue remained, Approximately 200 ml. of ether was used 
to dissolve the residue and this solution was washed twice with 100-ml. 
portions of cold water. The ether layer was evaporated on the rotary 
evaporator. This left an orange-red crystalline residue which was 
recrystallized from isopropyl ether. The product was dried over calcium 
1 All melting points are corrected; all boiling points are uncorrected. 
2 The infrared spectra were determined on a Beckman IR-SA spectro-
photometer with potassium bromide pellets unless otherwise indicated. 
3 The proton magnetic resonance spectra were determined by Mr. A, G. 
4 
Horodysky, Oklahoma State University, using a Varian Model A-60 high-
resolution spectrometer fitted with a field-sensing stabilizer 
("Super Stabilizer"). Tetramethylsilane was used as an internal 
standard. 
The nitrogen analyses were performed by the author using a micro-
Kjeldahl procedure (64). 
8 
9 
chloride in a vacuum desiccator. This produced 37.1 g (60.7%), 
0 
m.p , 99-100 • A recrystallization from absolute ethanol gave m.p. 
0 0 
101 , (lit . 102) (36). 
The infrared spectrum (Plate I) shows the carbonyl absorption 
maximum at 5 . 60 µ. 
Use. of other catalysts in the reaction decreased the yield. 
Sulfuric acid gave a 56% yield while Dowex SOW x 8 (strong cation 
exchange resin) and p-toluenesulfuric acid catalysts gave less than 30% 
yields, 
Acetone Compound of dl-Mandelic Acid (III). 
In essentially the same way as for tartaric acid, 10 ,0 g . (0.066 
mole) of dl-mandelic acid, 100 cc. (1.36 moles) of acetone, SO cc. (0.40 
mole) of ketal, and 10 drops of concentrated sulfuric acid were combined 
0 
at -7 and allowed to react for 15 minutes . The reaction mixture was 
poured into a solution of sodium bicarbonate (10%) at -7°. This was 
stirred with a magnetic stirrer for 10 minutes in the ice bath. A white 
curdy-looking material developed, The material was suction-filtered and 
washed with cold water, After recrystallizing from petroleum ether and 
drying over calcium chloride in a vacuum desiccator, the solid weighed 
0 0 
9.34 g. (73%) and had m.p . 45-46 (lit. 47.5) (36,91), 
The i nfrared spectrum (Plate II) shows the carbonyl absorption 
maximum at 5 , 56 µ .• 
Attempted Preparation of the Acetone Compound of dl-Malic Acid. 
A mixture of 20.0 g, (0,149 mole) of finely divided dl-malic acid, 
108 cc, (1.49 mole) of ace tone., 28 cc. (0.23 mole) of ketal, and 40 drops 
of BF3 etherate solution was made as previously descri bed and allowed to 
10 
react in an ice bath for 8 hrs. The solvent was removed on the rotary 
evaporator and the light-yellow residue was dissolved in ether and washed 
with water. After the ether was removed on the rotary evaporator, a 
light yellow syrup remained. The flask was connected to a vacuum pump 
equipped with a dry-ice acetone bath and the remaining solvent was removed. : 
This produced crystallization. The material reacted with sodium bicarbonate 
and must have contained free carboxyl groups. However, no suit4ble solvent 
could be found from which to recrystallize it and obtain it pure. 
Attempted Preparation of the Acetone Compound of Citric Acid. 
A mixture of 20.0 g. (0.095 mole) of citric acid monohydrate, 151 cc. 
(2.1 moles) of acetone, 40 cc. (0,319 mole) of ketal, and 40 drops of BF3 
etherate solution was allowed to react at room temperature for 10 hrs. 
Removal of the solvent on a rotary evaporator produced a light-orange 
syrup-like residue. This was dissolved in e ther and washed twice with 
water. The ether layer was evaporated on the rotary evaporator and no 
residue remained. 
Attempted Preparation of the Cyclohexanone Compound of d-Tartaric Acid UV). 
A mixture of 20.0 g. (0.133 mole) of finely divided d-tartaric acid, 
200 cc. (1.94 moles) of cyclohexanone, three drops of cone. sulfuric acid, 
was stirred and heated under reflux for 30 minutes. During this time the 
d-tartaric acid dissolved. The condenser was then set for distillation 
and water was azeotropically distilled from the reaction mixture for a 
period of 10 hrs. The theoretical amount of water to be collected was 
5.3 ml, , but 10 ml, of an aqueous layer was obta ined ~ As the t~mperature 
0 
of the distillation gradually approached 200, the mixture being distilled 
bec,ame orange-'red and was becoming hard to distill. The apparatus was 
11 
allowed to cool and 1 .0 g. of sod ium acetate was added to the reaction 
mixture to neutralize the acid catalyst. A short-path vacuum distillation 
apparatus was attached 1 The remainder of the cyclohexanone was removed 
0 
over a temperature range of 95-145 at 0.15 mm. The distillate was a 
light-yellow oil. Approximately 150 mlt of ether was used to dissolve the 
reaction residue, and this was washed twice with 100 ml. portions of 
water. When the dark-brown ether layer was freed of ether on the rotary 
evaporator, a dark syrup- like residue remained. Several attempts to 
obtain a crystalline product from this residue fail ed. As the residue 
was being dissolved with acetone in order to discard it, small needle-
like crystals appeared. The solution was filtered to remove these 
crystals and they were recrystallized from acetone and dried as usual: 
0 
approximately 1.0 g., m.p. 230. This melting point matches that of 
dodecahydrotriphenylene (69,81), a condensation product of cyclohexanone, 
but the nuclear magnetic resonance spectrum of the solid was not that 
expected for dodecahydrotriphenylene. The spectrum showed more than 
two kinds of hydrogen. The material was not further studied. 













A one-neck, 250-ml . , r ound-bottom flask was charged with 7.68 g. 
(0.0333 mole) of II and 6,55 g. (0.0666 mole) of cyclohexanone. This 
12 
was heated, to dissolve II, on a steam bath and then the flask was placed 
in an ice bath. Recrystallization occurred, so the reaction was carried 
out at room temperature after 3 drops of BF3 etherate solution was added. 
An aspirator was attached to the flask intermittently during a week to 
remove acetone from the reaction mixture. Only a slight discoloration 
in the reaction flask could be observed. Cyclohexanone was removed from 
the reaction by heating in vacuo on a steam bath , A yellow-brown crystalline 
residue remained. A small portion recrystallized from isopropyl ether and 
0 
dried as usual had m.p . 100 • This is the same melting point as starting 
material II ; . no reaction had occurred. 
Attempted Preparation of the Propionaldehyde Compound of d-Tartaric Acid, 
A mixture of 20.0 g. (0.133 mole) of finely divided d-tartaric acid, 
194 cc. (2.67 moles) of propionaldehyde and 10 drops of BF3 etherate solu-
tion was stirred 8.5 hrs. at room temperature , When excess propionaldehyde 
was removed on the rotary evaporator, a dark syrup-like residue remained. 
This was dissolved in ether (100 ml.) and washed twice with 50 ml. portions 
of water, The ether was removed on the rotary evaporator and a dark syrup 
remained . No crystalline product was obtained. 
Preparation of Dimethyl d-Tartrate (V) by Alcoholysis. 
CH3 0 
I II 
CH - C- O C-0 3 I ::cH- cH:::: \ 




A one-neck, 250 ml., round-bottom flask was charged with 10.0 g. (0 .0435 
mole) of II, 200 cc. (5 .0 mole) of methanol and 2 drops of cone. sulfuric 
13 
acid and equipped with a Vigreux distillation head and condenser. As the 
esterification proceeded, the acetone-me thanol azeotrope was slowly distilled 
from the mixture . When no DNP (2,4-dinitrophenylhydrazone) was obtained 
upon testing the distillate, the r eaction was considered comple .t:e. A 
solution of 0.3 g. of sodium methoxide in 10.0 ml, of methanol was added 
to the reaction mixture to neutralize the acid catalyst. After the 
remainder of the solvent was removed , the residue was transferred to 
a 25-ml. flask and fractionally dis t illed. A colorless distillate of 
0 0 
dimethyl d•tartrate, 5.0 g. ( 65%)~ b.p. 132 /1 ,95 mm., lit. 158,5 /12 nun, 
(6) and 163°/23 mm. (7) was obtained. 
As verification of its identity, approximately 1.0 g. of dimethyl 
d-tartrate was dissolved in 10 cc. of methanol. Annnonia gas was passed 
through the solution and a white crystalline solid appeared. This was 
filtered from the solvent and recrystallized from methanol and ester, 
0 0 0 
m.p. 197 with decomp., lit, 195 (40) and 209 (22) with decomp. for 
tartramide. 
Preparation of Diethyl d-Tartra te by Alcoholysis. 
A mixture of 10.0 g. (0.0435 mole) of II, 100 cc. (1.74 moles) of 
absolute ethanol and 2 drops of cone. sulfuric acid was treated like the 
one containing methanol just de scribed in the preparation of dimethyl 
d-tartrate . Fractionation of the ester gave 6.6 g. (74%) of diethyl d-
tartrate, b.p. 113°/0 , 90 nnn., lit. 280°/760 mm. and 162°/19 mm. (7). 
Tartramide was prepared as before except that absolute ethanol was 
used as the solvent; m.p. 200° with decomp., lit. 195° (40) and 209° (22) 
with decomp. 
14 
Preparation of V by Esterification, 
A one-neck, 2.0-1. round-bottom flask was charged with 150 g. ( 1 mole) 
of d·tartaric acid, 1000 ml, (25 moles) of methanol (commercial grade), 
275 ml. (2.2 moles) of ketal, S drops of cone. sulfuric acid, and a stirring 
bar. The flask was attached to an Oldershaw fractionating column with a 
vapor-dividing head used to separate the methanol-acetone azeot·rope from 
methanol. The timer was originally set for 20 percent take off and the 
0 
temperature held at 57-59 • When the DNP derivative was no longer obtained 
0 
with the distillate, the temperature rose to 64. The remainder of the 
solvent was quickly removed and saved for the next esterification. The 
total reaction time was 15 hrs. When approximately 225 ml. of ester and 
solvent remained, the s.olution was transferred to a 250 mL flask by 
rinsing with methanol. This was attached to a short-path vacuum distillation 
apparatus. The acid catalyst was not neutralized. Distillation produced 
0 
147 g. (83%) of dimethyl d·tartrate, b.p. 117 /0.6 mm. A very small amount 
of decomposition occurred towards the end of the distillation. 
Preparation of Dimethyl dl·Malate, 
Sulfuric Acid Catalyst. A one-neck, 2-1., round-bottom flask was 
0 
charged with 134 g. (1 mole) of dl-malic acid (rn.p. 135 ), 275 cc. (2.2 moles) 
of ketal, 800 cc. (20 moles) of methanol, 5 drops of cone. sulfuric acid and 
a stirring bar. A procedure analogous to that used in the preparation of 
dimethyl d-tartrate was followed 9 The reaction time was 12 hrs. When the 
concentrate was transferred to a 250 ml. flask, two drops of phenolpht.halein 
indicator was added. The concentrate was titrated with a saturated solution 
of sodium rnethoxide in methanol, but no endpoint could be seen. Therefore, 
a large excess of sodium methoxide was added. By use of a short-path 
vacuum distillation apparatus, the solution was distilled over a temperature 
15. 
0 
range of 108-147 at 0.75 mm. No constant temperature could be obtained 
in the distillation. Some clear liquid appeared as a distillate but a1 . 
solid was collecting in the distillation head. The distillation was dis-
continued and upon cooling the residue in the pot solidifed. The clear 
· liquid was saved for further fractionation~ 
A vacuum distillation of the solid residue in the pot was tried again. 
With the aid of a heat gun severaLgram.s of the solid cellecting in the 
distillation head was obtained. However, the heat gun would not remove 
all of the solid from the distillation head 0 The distillation was discon-
tinued and the solid remaining in the head was recrystallized from ether, 




m.p, 101-102 o 
0 143"!'144 • 
The residue in the pot was recrystallized from 
A sample of fumaric acid was obtained and the infrared spectrum 
matched that of the sample with a melting point of 295°, lit. 293 ... 5° (57). 
A mixture of 25 g. (0.215 mole) of fumaric acid, 173 cc. (4.3 moles) 
of methanol, 65 cc. (0.52 mole) of ketal, 5 drops of cone. sulfuric acid, 
and a stirring bar was refluxed 1 hr .• and excess methanol was removed on 
the rotary evaporator until approximately SO ml •. ,of solution remained. 
When this was cooled in an ice bath, a crystalline solid appeared; this 
was filtered off and washed with cola water. A small portion of this 
solid was distilled in a short-path vacuum distillation apparatus. The 
distillate was recrystallized from ether and air dried, m.p. 101-102°. 
This corresponds to the literature value (57) for dimethyl fumarate. 
The remainder of the solid was recrystallized from ether and air-dried, 
0 
m.p. 100-102. This produced 23,5 g. (76%) of dimethyl fumarate. 
16 
0 
Equal portions of the substance that melted at lQl-102 and dimethyl 
0 
fumarate were mixed and then had mixed m.p. 191-102. Tb.e infrared spec-
trum of dimethyl fumarate also matched the spectrum. of the substance 
0 
melting at 101·102, and the nuclear magnetic resonance spectrum showed 
the two peaks and the 3:1 proton ratio to be expected of dimethyl fumarate. 
0 
A small portion of the residue, m.p. 143-144, from the distillation 
pot was placed in water. When sodium bicarbonate was added, most of the 
solid dissolved with evolution of carbon dioxide. Since the solid was 
evidently a mixture and study of its nature would have deviated consid-
erably from the original problem, time was not devoted to separation and 
,identification of the components. 
The colorless liquid obtained from the original distillation was 
placed on a fractionating column with a heated jacket. The liquid was 
0 
vacuum distilled. A fraction, b.p. 81 /0.80 mm., was obtained which 
showed only one peak on gas-liquid chromatography. An infrared spectrum 
was obtained from a film on sodium chloride crystals. Prominent peaks 
occurred at 2.88 µ. (·OR) and 5.73 µ (ester carbonyl). Both the infrared 
spectrum and the nuclear magnetic resonance spectrum indicated the compound 
to be dimethyl dl-malate. 
Hydrochloric Acid Catalyst. A one•neck, 2-1., round-bottom flask 
was charged with 134 g. (1 mole) of dl•malic acid, 800 cc. (20 moles) of 
methanol, 275 cc. (2.2 moles) of ketal, 25 drops of cone. hydrochloric 
acid, and a stirring bar. The flask was attached to the Oldershaw column 
and the solution was allowed to reflux for 4 hrs. An additional 25 drops 
of hydrochloric acid was added and the reaction-distillation was carried 
on for 6 hrs., until approximately 400 ml. of solution remained. A pH 
meter, equipped for non-aqueous titrations, was used in the neutralization 
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of the acid catalyst. Successive 1 ml. portions of a saturated solution 
of sodium methoxide in methanol were added. At the beginning of the 
titration, 1 ml. of solution would create a break of 0.1 to 0.2 pH units. 
Additions were continued until 1 ml~ of the solution created a break of 
1.7 pH units. The mixture of ester and methanol was returned to the 2-1. 
flask and the remainder of the solvent was removed on the Oldershaw column. 
The residual solution (approximately 200 ml.) was transferred to a 250-ml. 
flask and distilled using a short-path vacuum distillation apparatus. This 
0 0 
produced 130 g. (80%) of dimethyl dl•malate, b.p. 99 /1.75 mm.~ lit. 116 /11 mm. 
(54a). 
Preparation of Trimeth.yl Citrate. 
Sulfuric Acid Catalyst. A procedure analogous to the preparation of 
dimethyl d-tartrate was followed. The flask was charged with 210 g. {l mole) 
of citric acid monohydrate, 552 cc. (4.4 moles) of ketal, 1000 cc. (25 moles) 
of methanol and 5 drops of cone. sulfuric acid. The reaction-distillation 
was continued for 12 hrs. until approximately 300 ml. of solvent and ester 
remained, When the flask was cooled in an ice bath, crystallization 
occurred. The crude ester, m.p. 97-104°, was recrystallized from. methanol 
0 0 . 0 
but then still melted at 97•104 , lit. 75-76.5 (30) and 78-79 (57). A 
small sample of this material reacted with sodium bicarbonate to evolve 
carbon dioxide; evidently the acid was only partly esterified. An additional 
125 cc. (1 mole) of ketal, 500 cc. (12.5 moles) of methanol, and 5 drops of 
cone. sulfuric acid were added to the partly esterified acid and the reac-
tion was continued for 6 hrs., A small portion of the crude material was 
0 
recrystallized from methanol and melted at 90-95 ; again a reaction with 
sodium bicarbonate was obtainedo 
Tb.is procedure was repeated several times with similar results, No, 
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attempt was made to separate and identify the products. 
Hydrochloric Acid Catalyst. A mixture of 210 ge (1 mole) of citric 
acid monohydrate, 552 cc. (4.4 moles) of ketal, 1000 cc. (25 mole) of 
methanol, and 25 drops of cone. hydrochloric acid was refluxed for 5 hrs. 
under the Oldershaw column. An additional 25 drops of cone. hydrochloric 
acid was then added along with 63 cc. (0.5 mole) of ketal. The solvent 
was removed over a period of 3 hrs. until approximately 500 ml. remained. 
This residue was cooled in an ice bath and crystallization occurred. The 
0 0 
crude material, m.p. 70-75, melted below the literature value 75·76.5 
0 
(30) and 78-79 (57). The material dissolved in methanol was neutralized 
with sodium methoxide as in the preparation of dimethyl dl•malate and 
ultimately vacuum distilled. 
0 
The ester boiled at 143-145 /3.4 mm. It 
was recrystallized from methanol to obtain 188 g. (80%) of white crystalline 
0 
trimethyl citrate, m.p. 76•77 • 
Preparatien of Am.ides By Am.inolysis of II. Results are given· in 
Table III. 
TABLE III 
* PREPARATION OF AMIDES FROM THE ACETONE 
COMPOUND OF d·TARTARIC ACID (II). 
RNRvCO(CHOH) 2coNR'R 
Moles of Moles of 0 
R R' II Amine M•E• a c 
Lit. 0 
m.p •• C References 
d 
Methyl Methyl 0.0130 a 184-186 
H H 0.0087 b 204.Sc 
c 
208.5-209 22 
Methyl H 0.0130 a 195•196 189 41 
Ethyl H 0.1300 a 213-214 215·215.S 22 
n•Butyl H 0.0130 0.152 197 ... 198 193 41 
TABLE III (continued) 
* The solvent in all reactions was absolute ethanol. 
a. The solutions were saturated with the respective amine, which was 
generated by warming a 25 percent ~queous solution and dried by 
passage through two potassium hydroxide drying tubes. 
b. The gas was obtained from a cylinder and used as in "a". 
c. With decomposition. 
d. Also prepared by the aminolysis of 5.0 g. of dimethyl d·tartrate 
in methanol in the same way. Evaporation of the solvent gave a 
syrup which when seeded yielded the desired product, m.p. 186•7° 
(from absolute ethanol). ~· Calcd. for CaH16N204: N, 13.72, 
found: N, 13.44. The infrared spe~trum plate III shows the amide-
carbonyl absorption maximum at 6.19 µ. 
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The corresponding reactions of II with diethylamine, di•n•propylamine, 
di-n•butylamine, ethanolamine, morpholine, and piperidine gave only syrups 
from which no crystals could be obtained. 
By Aminolysis of Esters. The preparation of amides, with corresponding 
data, from dimethyl dmtartrate, dimethyl dl•malate and trimethyl citrate is 
given in Table IV. 
Amine 
TABLE IV 
PREPARATION OF AMIDES FROM METHYL ESTERS 
Moles of 
Amine 0 M.p., C 




Spectrum plate no. 
2•Hyd+oxyethyl 0.0562 143-144 6.11 IV 
Cyclohexyl 0.0605 218-220 6.13 v 
No crystalline products were obtained by use of diethylamine, 
diisopropylamine, dibutylamine, and morpholine. Ethylenedi· 
amine gave a clean solid but it appeared to be polymeric and 
could not be recrystallized: 
0 
it decomposed at 200-240. 
a 
dl·Malamides 
Ethyl 0.0845 158 6.14 VI 
Isopropyl 0.0845 144 ... 145 6.16 VII 
Cyclohexyl 0,0822 195•196 6.14 VIII 
2•llydroxyethyl 0,0822 125·126 6,16 IX. 
Benzyl 0.0822 147•148 6.13 x 
No crystalline products were obtained from dimethylamine, 
diethylamine, dipropylamine, dibutylamine, morpheline, 
piperidine, and 1-naphthylamiae. Ethylenediamine gave a 
0 
solid, probably polymeric, that decomposed at 215~250 
and could not be recrystallized, 
a 
Ci tr amides 
d 
Methyl c 179·180 6,10 XI 
Ethyl 0 .. 0713 126-127 
e 
6,10 XII 
n•Butyl 0.0713 96-97 
f 
6,11 XIII 
Benzyl 0.0727 171-1728 6.11 XIV 
No crystalline products were obtained from 2-hydroxyethyl-
amine, l•naphthylamine, and piperidine. No reaction occurred 
between trimethyl citrate and the following amines in two 
days at room temperature: isopropylamine, dimethylamine, 
diethylamine~ dibutylamine, cyclohexylamine, and morpholine; 
trimethyl citrate was recovered in each case. 
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a. 5.0 g. of the dimethyl ester was dissolved in 10 cc. (0.25 mole) of 
methanol. After the amine was added, the reaction mixture was kept 
at room temperature for 48 hrs. The amide was recrystallized from 
absolute ethanol. 
b. Amide-carbonyl infrared absorption peak,µ. 
c. Same as "a'' in Table III. 
0 
d. Recrystallized from absolute ethanol; lit. value 124 (SS). This 
21 
value is either that of a different crystalline form or else in error. 
e. Recrystallized from carbon tetrachloride. 
f. Recrystallized from isopropyl ether. 
0 
g. Lit. value 169-170 (25). 
h. In an attempt to. force reaction, excess diethylamine· (containing some 
diethylammonium chloride catalyst) aBd trimethyl citrl;lte were heated 
at reflux for an hour. When excess amine was distilled off in vacuo, 
the solid residue proved to be only trimethyl citrate, m.p. 'f6.7jo 
(from absolute ethanol). 
The analytical data for the amides prepared from the methyl esters 



















dl .. Malamides 
RNHCOCHzCHOHCONHR 
Ethyl CsH16Nz03 14.89 14.91 
Isopropyl Cl0H20N2Q3 12.96 12.53 
Cyclohexyl Cl6Ilz8N203 9.45 9.00 
2-Hydroxyethyl CsH16N205 12.72 12.20 
Benzyl C13H20H203 8.97 8.62 
Citramides 
(RNHCOCH2)2C(OH)CONHR 
Methyl C9H17N304 18.18 17.50 
Ethyl C12H23N304 15.38 14.92 
n•:Butyl C13H35N304 ll.76 11.20 
Benzyl C27Hz9N304 9.15 8.99 
Attempted Preparation of the Acetone Compound of d-Tartramide. 
A one-neck, 100-ml., round-bottom flask was charged with 2.0 g. 
(0.013 mole) of d-tartramide, 30 cc. (0.41 mole) of acetone, and 15 cc. 
(0.12 mole) of ketal. The flask was stoppered and placed in an ice bath 
to which after 20 minutes, 2 drops of cone. sulfuric acid was added and 
the solution was stirred for 3 hrs. The mixture did not become homo-
geneous. When excess solvent was evaporated on the rotary evaporator, 
a syrup-like residue remained. This was dissolved in 100 ml. of ether 
and washed twice with 50-ml. portions of water. When ether was removed 
on the rotary evaporator, no residue remained. 
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Attempted Preparation of the Cyclohexanone Compound of d·Tartramide. 
A mixture of 1.0 g. (0.067 mole) of d-tartramide, 100 cc. (0.92 mole) 
of cyclohexanone and 2 drops of cone. sulfuric acid was stirred at room 
temperature for 4 hrs. A procedure identical to the one just previously 
described was followed here; no product was obtained. 
This process was repeated except the reaction was heated at reflux 
for 48 hrs; again no product remainedo 
Attempted Preparation of the Formaldehyde Compound of d-Tartramide. 
A 125-ml. Erlenmeyer flask was charged with 3.0 g. (0.02 mole) of 
d-tartramide, 50 cc. of a 27 percent aqueous formaldehyde solution, and 
2 drops of cone. hydrochloric acid ... This was allowed to stand 4 hrs. at 
room temperature. When the solvent was removed, a white paste .remained. 
This proved insoluble in all solvents tried, so that recrystallization 
was impossible. The solid was probably a polymer. 
Attempted Preparation of the Formaldehyde Compound of N,N 1-Diethyl• 
d•Tartramide. 
A procedure like the one just previously described, except that 
3.0 g. (0.015 mole) of N,N 1-diethyl~d-tartramide, was used. Again a 
white paste was obtained which had essentially the same properties. 
CHAPTER IV 
DISCUSSION OF RESULTS 
The use of ketal as a water scavenger in the preparation of acetone 
derivatives of alpha-hydroxy acids and methyl esters of these acids has 
proved satisfactory. Although the only acetone derivatives isolated in 
a pure state were those of d•tartaric and dl•mandelic acids, it is believed 
that inability to obtain those of malic and citric acids is due to diffi· 
culties in their separation and purification rather than failure to form 
them. During the water wash to remove the acid catalyst and any unreacted 
hydroxy acid, the acetone derivatives of malic and citric acid would pre• 
sumably be water soluble if free carboxyl groups remained unesterified in 
the reaction. If excess acetone and ketal are used to make the acetone 
compound, the acid group remains unesterified; if enough methanol is used 
to esterify the acid group, the acetone compound is split by the methanol. 
Any unreacted hydroxy acid has to be separated from the ''acetone compound· 
acid11 and their solubilities are too similar to permit this. 
A 50% :BF3 solution in ether proved to be the best catalyst in the 
preparation of II. This gave a slightly better yield than the sulfuric 
acid catalyst and decreased the formation of tars. When Dowex SOW x 8 
(strong cation exchange resin in the hydrogen form) catalyst became coated 
with tars and turned very dark during the reaction, low yields were obtained. 
If the Dowex 50 W x 8 resin had worked as a catalyst, its removal from the 
reaction mixture by filtration would have been a more convenient way to 
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remove the acid catalyst than the water wash was. Although p•toluene-
sulfonic acid gave less tar £0rmation, it also gave a considerably 
decreased yield. 
The preparation of methyl esters of hydroxy acids by classical 
methods bas been difficult because there exists no simple and convenient 
way to remove water and shift the equilibrium to better yields. The use 
of ketal provides such a way; the acetone byproduct causes no ill effects. 
Rather surprisingly, dimethyl dl-malate has never been made from dl-mai':i.c 
acid. The remarkable difference between sulfuric acid and hydrochloric 
acid as a catalyst in the ketal•driven esterification cannot easily be 
explained. The present work has verified that sulfuric acid promotes 
the elimination of water from dimethyl malate to form dimethyl fumarate; 
but the inability of sulfuric acid to cause complete esterification of 
citric acid by methanol is unaccountable. 
Although the alcollolysis of II was a satisfactory way to prepare 
esters in good yield, there is no need for a two•step preparation when 
ketal will work successfully as a water scavenger in a one-step esteri• 
fication of the acid. 
Fisher and Taube (36) have considered the structure of the acetone 
compound of tartaric acid to be: 
CR3 0 
I U 
CH3- C-O, ..,......C-0 




but give no actual proof. Tsuzuki (85) has used a different structure 
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but.again no informatioa is given to support this. Both types ~f structure 
were recognized as possibilities by Austin and Carpenter (9) for the formal• 
dehyde derivative, but they gave no evidence te support either form. 
a The infrared spectrum. of II (Plate I) shows a carbonyl peak at 5.60 µ ·~. 
The infrared spectrum of the acetone derivative of dl•mandelic acid (Ill) 
(Plate II), which can only exist as a five•membered ring, shews a ,car.bony! 
peak at 5,.56 µ., The normal location of this peak in. 5-membered lactone 
1 
rings is 1780·1760 cm· . (12) or .5 1 62-5.68 µ, whereas·for 6•membered laetones 
1 .. 
it is 1750 .. 1735 cm- {12) or 5.71-5,,76 µ .. This suggests that II contains 
5-membered rings, but the carbonyl peak for a 6•membered iactone ring also 
containing an ether oxygen should be com.pared to strength.en the evidence. 
No l,3·~dioxan-4•ones are known but an ideal one £0r the purpose of estab• 
lishit>.g.location of the carbonyl absorption peak could possibly be prepared 
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a. Hertzler (56) obtained 1790 cm· Qr 5.59 µ. 
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the carbonyl absorption here, and surely it would not do so in a 1,3· 
dioxan-4-one either. Hence no doubt remains that II has the bis~dioxo• 
lanone structure proposed by Fischer and Taube. 
In the reaction of other carbonyl compounds with d•tartaric acid, 
insolubility of the acid is the major problem. If the reaction mixture 
is raised to reflux temperature to increase the solubility, a self-aldol 
condensation reaction of the carbonyl compound becomes much worse~ The 
formation of tars does not allGw crystallization of the product after the 
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k 
and close the ring and the reaction failed for the same reason that the 
corresponding reaction of ketal itself was extremely slow (60). Presumably 
on this basis the reaction should have been between tartaric acid and 
cyclohexanone, with II to take up the water; but then the solubility 
problem would have been back! 
The aminolysis of II and the methyl esters of the acids produced 
several new amides not previously found in the literature. Why the secondary 
amines did not react with trimethyl citrate presents an interesting problem, 
but no explanation can be given. Although the dioxolanones react like 
methyl esters to give amides, it is thought that the Schiff bases produced 
by reaction of the acetone byproduct with excess amines will sometimes 
not allow the amides to crystallize. 
The reaction of d-tartramide and dimethyl-d•tartramide with formaldehyde 
formed polymers, presumably of general structure: 
O H H O 
;c-<;- c;. -< H 
N O O N-C- n 
H H H H H 
When a less reactive carbon1,l compound (acetone) was used, the reaction 
would not proceed at all to fonu. the oxazolidinone, apparently because 




In the preparation of l,3-dioxolan=4=ones and methyl esters of 
hydroxy acids ketal works very well as a water scavenger. The prepa-
ration of the 1~3-dioxolan-4-ones of dl-malic and citric acids could 
probably be accomplished in this manner if the problem of their sepa-
ration and purification could be overcome. Since the methyl esters 
can be distilled from the tars~ no problems of purification are met 
and good yields are obtained. It is very convenient to use ketal in 
esterification reactions to remove water because no special apparatus 
or anhydrous drying agent is needed. There is no advantage in making 
the esters from l,3=dioxolan=4-ones~ but in the preparation of acetone 
compounds alcohols must be avoided as solvents to keep from shifting 
the equilibrium to produce esters. 
The bi=dioxolanone structure given by Fischer and Taube for the 
acetone compound of tartaric acid is the correct one. 
Although the reaction of other carbonyl compounds with the 
hydroxy acids tested did not produce crystalline compounds, maybe a 
procedure using ketal can still be made to succeed, 
The new amides prepared from methyl esters and the acetone 
compound of tartaric acid add to the general abundance of amides of 
hydroxy acids ~lready on record, although practically no such amides 
are known which are derived from secondary amines. 
The oxazolidinones now known were prepared from monoamides. Use 
of the mono.amides evidently decreases the chances for polymerization~ 
because d=tartramide and N~N'=diethyl=d-ta:rtramide formed polymers with 
formaldehyde., In the attempted reaction of acetone with tartramide, 
29 
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the tartramide was insoluble and did not react. 
5000 .-!000 3000 2500 2000 












Acetone Compound of a-Tartaric Acid 
WAVENUMBER CM·1 
1500 1400 1300 1200 1100 !000 900 
WAVELENGTH IN MICRONS 



















Acetone Compound of dl-Mandelic Acid 
WAVENUMBER CM·1 
2000 1500 1400 1300 1200 1100 1000 
)~~~~~~IL\'· I_ ~)!~~;-· 
.~. 



















,o [='c:~:- ,'\cc:C ·'cc_ 




4+1~"""+:i~,,±±,.,.,.,~ 50 :c~~c5J · · .. ,fl: cc-c lt?"H i 
.;ll.(=J'= 







·+.-... >1. ,, . i·-· 
O µ;~'.- £±:k ~l -~. 
1'E!~J=fil=! = 
:-13~ 
---'-=':--~_.:~ =:c=~.:i:c:,:::=g=(=j=3 ·-,;-=!'=' 
,-:·_.j,c. -~,1; 
···,-;--1~~:...c. 
,...._,_:;:::; __ +------r~--:~:..~--t7.ci:~- ·~--=--=--=:~::::i..:.1: 








1111111111111" . -~ c "c,~•ecit~itt!:foi:£* k~
a::tj~~-::p.g=-=~tE::i=El=t 
.. ;.<~~~· :' .~.· ;...~~ ,- ._,... c::=!=c+ =ma~;:~; 30 
-------lli~-~ 
10 11 12 13 " 15 16 




N,N,N 1 ,N 1 -Tetramethyl-d-tartramide 
WAVENUMBER CM·I 
5000 4000 3000 2500 2000 1500 1400 1300 1200 1100 1000 900 BOO 700 6:SO 




10 11 1~ 13 U 15 16 




N,N 1 -Bis-(2-hydroxyethyl)-d-tartramide 
WAVENU.V,BER CM 1 












10 11 " 
WAVELENGTH IN MICRONS 
BOO 700 650 


























'd :E µ:J I u 
:2 g 
i 
E-i r-1 ~ 
<e; ::,.:, ; :, 
...:I :x: ~ 



















N,N 1 -Diethyl-dl-malamide 
WAVENUMBER CM·1 









_:.=:,_..., __ _ ·--".,,± 
<·=· =F'·'. 
' ·:;cj=flrl±cl~ -·-'-'-'-----+-t----:-:.~ ,......ct1fil_r':Effl-eFJ:if4 =ttJ1"'.1-"l~1. • 
1:~::.. ::-::r:: ... :, ... 1,· _g~sr~·· ·::-.r:: 
---+-' 

























.. •;I::j·· ... Lf~pl< 
c;.c;:c~ff: ·-· 
-~.....--'-.... 
-:- ~ :~ : 
~±-="i~tfi-=tf:'+:.':'-=c-t=c=s-11·=1=.c=r-=;=,= 
--~~-H--~ :i=Ett24>.~tr·~ =4,·.:··::c·· h:T=r .:, 
~..=- 'ct=' 
.=i:c; .:J=,, 
'-icl=l=J=4c1,c1 ··, ..• ,cJ:=:c,,..· 
. ~&Jft~~;t-,:&-·····c4~C. 
:·t---:--:-=:1: 
Fli:-"..=:-1==:s. - •-· 
••t::.:::z-.:.:r 
-•.:.r..::::; 
.. .'L .... d:. .. ~··1 'b.:.c=.J ... : ... J:±c.£F=::=t:=±:t:'.._ .. -, . 
...; .. ::.~;2=-1. ~~+~.Bii~'.\) F;Sl·;f{;;:j~;~j 50 
- .. +c:c~.;:..::,-c=,acc · IIHiltJ!Hf~~r;: ·p= ·=i_~:;:c'j,c-~ ·-·· !=,re;. ~~--=· 
=',:;=:=j=- ;:···•~: -"' re=="=' _-:--~:i--_::··-1··· '· . .:..:.,g~-
~~-,.:l=L 
*-- =..,:~=·'=t.c:=f'~==:£~~€=c......-,-- - ......... ' __ ,.:::_:;.:;...:_ -= 
--:-=::.:1=;3: 
3 
E_:,-:-~:_::i- ~--.--.,---~-::t:::.i.--:! -~21-?=C4~~__:=1±LC.,.::0JJ=::.·-•k(f0 · _-:i:_r ----l----·-- -~ -- ----=-__;_ --
1C 11 12 13 " 15 16 
































sooo ,aoo 3000 2soo 2000 1soo ,,oo 1300 1200 1100 1000 900 aoo 100 650 
H.Bcf-'j e,1µJ,FPcfi!Pl fjllbLft?'I.Jft;.E(:±f-jf±l! ... l=J~-=±lfiJ•l'l;-ljlc:.Ji&E--ljlcf=lcclifr£jJJjHtfal.±!]·H4illf±l-=\=ftj-±tif.#L'±d#~f-F-f-::§E':.t-:'..JfttEL¥#=fi:£'=hi=4m±l±!t:-1t'-+• 
100 
90 ,--··- ~: JJ:~._:-~ =~~_:~~-i~~_i~~ ----- - ·----·--~-- . __ ----1-~~:-~--:_--·- ~~--,~~_-,.:_; __ ~~:;_ -::-~~4~ ---·- __ r:=:_ I:~~':~~- ; ·~:}:.~ ~-~--~---~-·L_;~ ... :-J·i~-~ -··-- .;:~, ..., -+···" ·----~-~-- ~- .,. -=~:r:.;-~ -' 90 
./~ i r:Il ~~~=F:~~= - ___ ::-·~.:~:;:~ ~~_:_ ~L ~;~ =~~-"' -;~:!:~ ., ~'.:' ~··· ~~: :;_;j~~}(~ .. ;;~,c:c:c: :~: ~J::~r:i~ : __ ;~;- ~Li~ :::._: '0 
70 v :'":~;-1 ~=~ ~:";~~~~i=:i=-- ~- =~.;~~ :~~~=,~~i.:c-d-V~;,-.lJ~~ .·n __ : L;t=~•.;,,, i·~cc+·~t-_-. ·· •• '"~- ---__ ~~;~~: __ -·:c 70 
60 ~., :}~:t' :r _. :-~- -- .- -- ~.c - :: ±::~ -'--' '" ~ ~!ri In'! ] i i-/::'r ~ 1 -· - :!~ ~ -:~ : ••c ·~ :~'.~ t{] ;::L: :' c: :, JJ/\ .. ~ 60 
50 : .. ,: ~rf ~!\ ---:-· ,. ~:-;c=,_ :-';.::~~ - .:~  :~ttl1 ''' !', 1: ?:~. \j: _:: =· :r ,::Jr:I:. _ -_ :~~!· _:: :- : J j;t=.:::· ~t so 
40 •• -~;,:-:\~~~~ ;=~::~:=~_-,-1::;•:.~2s ....; ;:= §;-;~·,,~~-= -,,c,c ~;ic~-~=:3::=.~-~-+~,=~e· cf,--.--: -- --~=~ :_ :"--; eC.=:~~ :.,,,•1;~::•_: 40 
,o ::~' :l ~.i',. ~_: :~ _., :.::~::"'- _ -'~~ ,.-,=f ~_:_ ~: - j';,, \J ~: - : ': .~ • _· ~·~~~: •-;::~-===:_ ---- :cc;_: :;__P~ :;:,:. ,,,.. :. -:,'c ,o 
20 :___:~- ~;~- ~;~;~-~- -- --=-~- -···- ~--~~~~·~~~;-?~~--~ ~~:~~- -~ -·- --··---===~-~-:~ .. ----~-~=-=~~~~·::-~-}j~-:-~-~~~- --~-----.. :.~~ -·--~-~::S··: __ ~?=·=:=.~~-::=~- ~-~ -=__;- :=!=:~:L ~~~ 20 
10 ~ "=-'- _..., -"-c.--::=, .~ - -~ i ,,t"• ;,~......., ~_.,_. . -- ,_,_ .r ~:~ :j ·~~.~-: ...... -: _ _:_::::.t: : ''":::=· ~· -~-=.t=~~':= ~~~:.!= .:;..:tr~Y· ".:~~ 10 
~;::.- _-• ~~::7::."==::::=:~ :·y~~=·~;_:-,c=~"" ::--~:;f ==:=:_:1·,::~ 0 
10 11 12 13 U 15 16 




N,N 1 -Bis-(2-hydroxyethyl)-dl-malamide 
WAVENUMBER CM·1 
5000 .4000 3000 2500 2000 1500 1400 1300 1200 1100 1000 900 800 700 6!i0 
100 ~1c±11]!g1~ c':,21~~ c!c'.:~l:': 1~'.:!'";~~i ~~~,;~~- ~ ~-:- = ~:'~~ ~1~,,~: If=':? -:~-~~1\'L" '. =~~;:~-::---- ___ ~ _;-~~ ____ ._-~"=- -=c-•= _ ,, __ =c=_"'= _ _ '--='i-:~:~;_~~~i~~;t: 100 
90:?:~::r:fc:o- -·~·--- ,=-i~~=.:.\:t=~~:~:~-:c~~e= -- =.-;, __ ,.i~' ·-~=J~:: ·~·-· _.,_;.\_ •· ··-· .. '!''f:c:j_/r 90 
eo -;:=ic <· __ ·"- _ - : ~ .\~~2 -~", =~- --~: __ :---' ,_,, ~cc.:~; - · - ~-~ _;c i'-~=-=' =, ---"-'- ---- --.;:I~::_:( so 
7Q i~;c_=- - C ::: • ---- ------- = = C ;:c;~:~_'" _:_=c-tC f-=i=;=F!= -··· == ····-- • -- :'--~- ---• ,:=-= -'~:·-~ C~~~; --L-:_ Ice':_;,:=:.~-' i.ic 70 
60 1----:,;rv~'''.:~:=j~.~~-~;~-~-~;;_.:_ ""::~:·_:;;_- -~--- --: =cj ·-1~= '" -· r:~c,<\~1 ~~~'"'t0R- ==·-·· ==-- -----~ , •. ~---~---: · :"_'.1;:' 60 
so --~~~~:r~~~~:_ ~=~ ~ii ~~~-'c:• _;_~:-~ :~1~~ ::::.:: -- -----= ~J~ -~= N~-~i~~-~ .;_;_=-'~ ·~~~~ c:.=~ --- 2:'~:=i--2~ ?S==: __ . "==·=·1=-;~, -~ -· ·~:--?~ so 
:: :c £.,.. .. t\ ' ~ .. )f(· ·~;, ,···~~i ;;~~"~~1~; "":~"~. ·~ •. ;"~· ~ii····· '."; c ., . ""CCC ~ £ ·.: E'E1" . :: 
,o F"::~,.:-:~c . -J '" b. •• ~--~~--- ':~'":f-- ·: ~;J:1r:~ ~- ~·::_,:~~·-·~·-- ~/.X:ri·"'~"-:- cc - ~~~:-~J-~\ :_1!~~\ .. -c- -- - -- --~ ~ : -:.;;=;cl~'.~".-~ ,o 
,o -: -- -- - ~[:?'=!'.:- <J. ,4c:~ ', • :c·,, , .. ~~: ,J:Lf -=r::. - ":••-"' :::==c= '"J~:c.<r [:c:;~F , , •- :.:-::_~=~-:,_: -· -~·-:- J.:.i·:~ ;- ~ ·-'- - .. - .. :c•••,--:= = ~ w 
~- ' - ,-,c~--c:: - ~i~__-; _ _:_;+ -- - ':.:::_,::: 0 
10 11 12 13 14 15 16 



















WAVELENGTH IN MICRONS 
900 800 








































N ,N 1,Nn-Triethylci tramide 
WAVENUMBER CM·1 













::1tx111=1~~ -=-----+--f-/_;Hr12, 1-1 r~±-t 1±·:-~ ec'.'t=~c_,= -...,.,-;_~ 30 
20 -•~£ 20 10 cc¥)b~~i,o 
r:·;-:F"'=---:r: 
f=J_-::i-10 11 12 13 ,. 15 16-




~ ··1B fJ11}1·· ffi ~H~'!tm"1 1,~n1llitrlllt~111rn1 11t ~1-t' w· ri· 1 ' n tt' I ll'Jltl n;, lfi rrr '. 1111111 11:. ' :rr TT f '1' 1, ·.,1r n 1 . 1.tt1.! r n1· l;j m• ,IT 1 r 1 H 1 , dt, rr :!! 
. ii ~ti Hijijli (~!';Hjl 11_ 'r11tl 1i\l_ 1t1 ilf:H,'H i'111,1.11J11Hta111m.~ut1i:llt1111ma®arn1mt1 trtt n H 1 1!1.. .1 w· ·T11 q .. , tini H . r I , h r,fi ,j ti t.l 'I; 1if nf: 11• 'H, Ii' 11,i I! . t 1: 
"
00 t. h w1·• :~14Hm HtJ 14: r\'1i1n111n1 m1_ r 1 11 1 1 ' h 1 1 . n~ Hl1 ·1ib . I nr :i, IJ1! r~ .,,. r 1 1 . 1 
1 .. ti,, :,f :n r.:· ti+ 111 rr ! TJ' r,I: 1. · rr lirl fl 1 : 1 i I ' :! 
































70./i~."'fc,).•'.-'.=:cirfo•·::c-·;,;'=J,·; ~~·~ ",CC •- •=r·.~· .:,;.r ~c;c;·:._'CCc=, _1,· :=-w:7"'-- .... Y.~ .. :.',..:;:_··. = - -~~.- ... cc?lfcJ•:·,¥ 70 
60 u ,~-,, "''"" . ~tu , :=: ; .,=J~~L -~~, .. .. :l.;~ - -:==cc ~·- ·-;~:. ··~~-~1~11 =!.t~-'1\~flJIL~:t • -.. ,=T· '.. "T:~i '.=-~ ~=-,§';:~" ~::t. ,~'.: ;~_;~_ ~=·;_~: fu;i:; n. 60 
50 ·- ;:. : ::j ~-~: . -~~--- --.~ •t; ;(-: __ ,,~:i~-~::~~-:·~=- ·-=c",fcl=!c,±j~i~-/·;=~l~~:,?tc,~+tr{I 50 
• 0 - ·:==-s'\. ·~·::·~-- :-c~--c:i··.-=~ =·'¥"' -~;:1~:l-,.:.=;;:Jii:~J=-i~; :-.}7,:: -=-= _ ---·- .,=r~T "~":,;"\;:~~,=;:_~-~-~-r~~~)L ,o 
30 ::;:.==''' ,cs -~- : _ _ '.2--~=-· ~~:~.~__: ~=:=;:tJ · _ .,,. .. . "'. ··.c~ c~~':1 ~- .c ··~ ~ ~: := ~ ~- ~ ~,~-~ -"~: :~ :::/~~~ ~.~~:. :"i~!=.;;;i~~ 30 
20 :=+;_!='! - -,C,3'cic;~~ ,., -,~~-r·~:, j;~t - ~:,.:'.~ _'. ~:-· > - ' -- e+=~::,: )-~;=v -:'.:~ +::;, __ ,=- .=t-:-"~=::Jf~~ 20 
10 ~ - "'T' '- --- c . - ,~- •· -- (ts,: -1l;~~J~'-': +c ' "- : - i.-§.~~-~-' ;~~co=c,." -~~~: 10 
0 ::~~--.. - --- -···· ::, ~ .. ~~Xi~,~-~-"~--:,=-- -- . o::,.::_,~_~..i::.''"~ ~ cc,· =~ "--~==::~~,=~-= --;,~ ~~;.r< '.~::;~,-e-~-:'T~:~'=:= ~~-P",-~~ 0 
10 11 12 13 U 15 16 




1. w. Alberdai V. Ekenstein and J. lUanksma.P Rec. Trav. Chim. 25, 164 (1906) 
2. H. Arakawa~ Bull. Chem. Soc. Japan 33~ 200 (1960); c.A. 54, 24686 (1960). 
3. A. E. Arappe, Ann. Chem. 93, 352 (1855). 
4. A. E. Arappe, Ann. Chem. 96;, 106 (1855). 
5. L. Audrieth and M. Sveda 9 Org. Syn. 20, 62 (1940). 
6. R. Anschutz, Ber. 18, 1952 (1885). 
7. R. Anschutz and A. Pictet, Ber. 13$ 1176 (1880). 
8. R. Anschutz and H. Reitter, Z, physik. Chem. 16, 493 (1895). 
9. P. c. Austin and V. A. Carpenter, J. Chem. Soc. 125, 1939 (1924). 
10. M. Badoche, Compt. :rend. 216, 62 (1943); c.A. 38, 2318 (1944). 
11. A. Behrmann and A. Hofmannw Be:r. 17, 2684 (1884). 
12. L. Bellamy, uThe Infrared Spectra of Complex Molecules", ed. 2, 
John Wiley and Sons;, Inc.;, New York, 1958, po 179. 
13. C. A. Bischoff and o. Nastvogel~ Ber. 23, 2040 (1890). 
14. c. A. Bischoff and P. Walden~ Ann. Chem. 279, 138 (1894). 
15. J. Boeseken$ Versl. Akado Amsterdam 35P 1087; Centralblatt 1927 I 9 2987. 
16. N. R. Campbell and E. P. Campbell, J. Pharm. Pharmacol. 2 9 229 (1950). 
17~ L. Casale, Gazz. Chim. Ital. 48D ID 114 (1918); c.A. 13, 564 (1919). 
18. R. o. Clinton and SQ c. ~sk~wski» J. Am. Chem. Soc. 70, 3135 (1948). 
19 0 G. w. Coloughsi J .. Chem .. Soc. li05v 49 (1914). 
20.' G. w .. Coloughs, J. Chem. Soc. 107 ~ 103 (1916). 
21~ J. Coops and J. Boeseken~ Versl. Akad. Amsterdam 34, 201; 
Centralblatt 1926 ID 26 .. 
45 
22. J. Coops and P. E. Verkade, Rec. Trav. Chim" 44, 999 (1925). 
23, T. Curtiu.s, J. Prakt. Chem" [~ 95~ 249 (1917)., 
46 
24. L. De Bruyn and W. Van Ekenstein, Rec. Trav. Chim. 18, 305 (1899); 
20, 333 (1901); 21, 311 (1902). 
25e O. C, Dermer and J. King, J. Org. Chem. 8, 168 (1943). 
26. Demondesir, C.r. 33, 227 (1851); Ann. Chem. 80, 302 (1851). 
27. R. G. Desson and E. S. Nicholson, Brit. 790,796, (1958); 
C.A. 53, 1771 (1959). 
28. J~ D. D'Ianni and H. Adkins, J. Am. Chem. Soc. 61, 1675 (1939). 
29. F. Di Mento, Ann. Chim •. Applicata _24, 464 (1934); C.A. 29, 740 (1935). 
30. w •. E. Donaldson, R. F. McCleary and Ed. F. Degering, J. Am. Chem. Soc. 
56, 459 (1934). 
31. L. Edeleanu and A. Zaharis, Bul. Soc. Sci. fizice Bu.cur. Romania 4, 
13 (1894); J. Chem. Soc. 70, A,i, 348 (1896). . 
32. A~ Einhorn, Ann. Chem. 361, 113 (1908); C.A. 2, 2682 (1908). 
33t E. Erlenmeyer, Biochem. z. 68~ 358 (1915). 
34. St. Evre, Ann. Chem. 60~ 325 (1846). 
35. E. Fischer and A. Speyer, Ber* 28 1 3255 (1895). 
36. H.O.L. Fischer and C. Taube, Ber. 60, 485 (1927). 
37. H.O~L. Fischer il !!•, Ber,. 65, 1032 (1932). 
38. P. F. Frankland and F. w. Aston~ J .. Chem. Soc,. 79, 511 (1901). 
39. P .. F~ Frankland and E .. Done, J. Chem. Soc. 89, 1864 (1906). 
40. P. F. Frankland and A. Slator ~ J. Chem. Soc., 83, 1354 (1903). 
4L, P. F~ Frankland and D. F. Twiss, J. Chem. Soc. 89, 1852 (1906), 
42. K~ Freudenberg, Ber. 47~ 203 (1914). 
43. K. Freudenberg and F. Brauns~ Ber. 55, 1339 (1922). 
44. K. Freudenberg and A. Noe, Ber. 58, 2406 (1925). 
45/ K. Freudenberg il al.~ Ann. Chem. 501, 199 (1933); C,A. 27, 2946 (1933). 
46. P. Freundler, Ann. Chim., [7] 3~ 441 (1894)~ 
47. c. Gastaldi, Bull. Chim. Farm. 61 1 355; Centralblatt 1923 I, 152. 
48. J.M. Gill, Ber. 19, 2352 (1886). 
49. E. Giustinani, Gazz. Chim. Ital. 23(Ii 183 (1893). 
SO. o. Goldmann, Biochem. z. 133, 464 (1922). 
51. O. Grate, Ann. Chem. 130, 202 (1864). 
52. H. Grossmann and B. Landau, z. Physik. Chem. 75, 141 (1911). 
47 
53. Ph. A. Guye and A. Babel, Arch. Sc. phys. nat. Ge~ve 4 7, 23 (1899); 
Centralblatt 1899 I, 467. 
54. E. Hardegger and H. Braunschweiger, Helv. Chim. Acta, 44, 1413 (1961); 
C.A. 56, 5914 (1962). 
54a. H. Havekoss, o. Bayer and Ho Wolz, Ger. 738, 922 (1943); 
C.A. 39, 308 (1945). 
55. H. Hecht, Ber. 19, 2614 (1886). 
56. D. v. Hertzler, Private Communication, Oklahoma State University, 1965. 
57. c. D. Hodgman, "Handbook of Chemistry and Physics", ed .. 39, 
Chemical Rubber Publishing Co., Cleveland, Ohio, 1957-58. 
58. J. w. Kroeger, F. J. Sowa and J .• A. Nieuwland, Proc. Indiana Acad. 
Sci. 46, 115 (1937). 
59. N. B. Lorette and J. H. Brown, J, Org. Chem. 24, 261 (1959). 
60. N. B. Lorette and W. Lo Howard, J. Org. Chem. 25, 521 (1960). 
61. o. Lutz, Dissertation. Ros tock 1899, 685; Centralblatt 1900 II, 1013 
62. o. Lutz, Ber. 39, 2127 (190L}). 
63. A. McKenzie and I. Smith, J·. Chem. Soc. 121, 1360 (1922). 
64. L. Miller and J. A. Houghton, J., Biol. Chem. 159, 373 (1945). 
65. A.C.,J • Opfermann, Brit. 765~055 (1957); C.A. 51, 17986 (1957). 
66. L. Pasteur, Ann. Chim. [3] 38, 457 (1853). 
67,. T. s. Patterson and c. Dickinsonp J., Chem. Socq 79, 282 (1901). 
68. V. L. Pebal, Ann. Chem. 82~ 85 (1852). 
48 
69. J. Plesek, Chem. Listy 50, 246 (1956); C.A. 50, 7732 (1956). 
70. J .. w. Pette, Rec. Trav. Chim .. 53, 967 (1934); c .. ~. 29, 453 (1935). 
71. H. Polikier, Ber. 24, 2959 (1891)41 
72. T .. Purdie and w. Marshall, J. Chem. Soc. 59, 470 (1891). 
73. R. Roper and T. s. Ma, Microchem J. 1, 245 (1957). 
74. Rt v. Rothenburg, Ber. 26, 2058 (1893). 
75. E. Schering, Ger. 130,346; c. 1902 I, 1082. 
76. A. Schneider, Ber. 21, 660 (1888)0 
77. A. Skrabal and L. Hermann, Monatsh 43, 633 (1923). 
78. L. Sm.ith and J. Lindberg, Ber. 64, 505 (1931). 
79. H, L. Spell, Private Conununication, Texa.s Division, Dow Chemical 
Company, 19650 
80. w. Sternberg, Pharm. Ztg. 46, 1003 (1901); Centralblatt 1902 I, 299. 
81. s. v. Svetozarskii, E. N .. Zil 1bermann and G. A. Razuvaev, Zhur. 
Obshchei Khim. 29, 1454 (1959); c.A. 54, 8668 (1960). 
82., J.B. Tingle, J. Am. Chem. Soc. 24, 53 (1902). 
83. J. B. Tingle and F. c~ Blanch, J. Am. Chem. Soc. 30, 159 (1908). 
84. J. B. Tingle and c. E. Burke, J. Atn. Chem. Soc. 31, 1315 (1909). 
85. Y. Tsuzuki, Bull. Chem. Soc. Japan 10, 255 (1935). 
86. Y. Tsuzuki, Bull. Chem. Soc~ Japan 11, 362 (1936). 
87. L. vargha, Naturwissenschaften 42, 582 (1955); c.A. 51, 11256 (1957). 
88. P. Walden, z. :rhysik, Ch~ .. ·.17, 248 (1895). 
89. P. Walden, Ber. 39, 665 (1906). 
90. o. Wallach and Th. Heymer 11 Ann. Chem. 193, 46 (1878); Ber. 9, 545 (1876). 
91. R. Willstatter and F. Konigsberg, Ber~ 56 11 2107 (1923). 
92, v. Wirths, Arch. Pharm. 234, 629 (1896)0 
93. H. Wuyts and R. Bailleu.x, Bull. Sec. Chim. Belg. 29, 62;(1920); 
Centralblatt 192@ I, 817. 
94. F. H. Yorkston, Rec$ Trav. Chim. 46, 713 (1927). 
VITA 
Charles George 
Candidate for the Degree of 
Master of Science 
Thesis: SOME ESTERS AND AMIDES OF HYDROXY ACIDS 
Major Field: Chemistry 
Biographical: 
Personal data: The author was born in Manchester, Oklahoma, 
on September 7, 1940, the son of A. v. and Bernice F. George. 
Education: The author attended grade school in Manchester, 
Oklahoma; graduated from Manchester High School in 1958; 
received the Bachelor of Science degree from Northwestern 
State College, Alva, Oklahoma, in May, 1962. 
Professional experience: The author was employed by Halliburton 
Company, Duncan, Oklahoma, as a chemist during the summers 
of 1962-1965. He has been employed as a teaching assistant 
during his graduate studieso 
